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(57) Abstract 

PURPOSE: To provide a gate 
electrode with low resistance, by 
forming a uniform silicon nitride 
film on the surface of a metallic 
gate electrode. 

CONSTITUTION: In a gate 
electrode, a polysilicon layer 6, a 
barrier layer 7 and a refractory 
metal layer 8 are deposited in 
multilayer on a gate insulating film 
4 on a semiconductor substrate 1. 
A refractory metal silicide layer 9 
is formed.at least on the upper 
face or a side face of the 
refractory metal layer 8. In 
addition, a refractory metal 
silicide layer 9 is deposited on at 
least the upper face or side face 
of the refractory , metal layer 8. 
Then, the metal layer 8 is covered 
with a silicon nitride film with the 
nitride layer 9 in between. 

COPYRIGHT: (C)1995,JPO 



Cal 



i in. 



(b> 




(c) 






0' 



(19)B#B4$iW (J P) 



<*> ^ m 45 If ^ « ^) 



#^7-94731 







1? T 
X* 1 




HO 1 L cdl fo 








21/28 


3 0 1 T 737o— 4M 








TCI A it/ 

7514— 4M 


T T A 1 T 

nOlL 


E&f 78 o 0 1 U 








*H3c fg^JR£)£C2 OL 6 M/ 


(21)tllH## 


fflB¥5- 238443 


/Tl\ III Mtf I 

(71) mBHA 


AAAA/V1IVTD 

000003078 








lit r j*> it ^fa-^r* 




¥l£5*P(1993>9£24B 










(72)«W# 
















































<72)5SW# 
























(74)ftSA 





(54) BgWtDfclM 3U^&*Rtre<OS£23£ 

(57) 

KSM 7 , ftZflKMlA&JHJi 8 a *fc«Bt*» £ ft 
S^-h KfiRU .tMEffitt£&JRJI8<z> 



(a) 



I Ills 



(b» 




CO 




( 2 ) 7-9 4 7 3 1 



1 



HStt»*©«iH] 

ftMU t&I3ffilftj&^Ji©±9X»m 

oy&z\XMM ft L T ^i^MMWMoy±M * ttflffllB©^ 
&< £ U 3>SMfcK-ea«S#iT v^S £ ft 

C»#*2] 3mM*l£«_hlc. l*m&tfiKlifij&&MJi 
ft«WS*fcflKift*^*«SiS»ft»«^-*JCS4:, 10 
2/U3>ft*tf»Hft«f»i?riMaaftfT-5 3fc{cJ:»J, _h 
IBi«5I!L6:£«Ji©±®Xtt{I®©'J>fc < i: t»-*k:Sfl: 
ftiSMtSXgt. iffl^ffcttJifttf-UT. fafBfl 
Ji*IJS©±lBXW:flliif<0^ft < £ =fe-^tc 5/ U 3 ym.it 

S©SBtoErSL 

[000 1 ] 

«y, 4$cMos^*ttssca>M. wmammjjm 20 

[0 0 0 2] 

[«Bfc©&fl!r] ¥l9«JftmiK©iKmfi:&uqff 

[0003] >f- bmm<Di&i&trHt<z>t~ib<D-^<Djjm 

£lx. tf-hmmz. mtm^tiT^&mz&isv 
n>®f^toyjc, mo, w<$<D-mMg&mo>mtm. x 
\*z.n<o m&g&mnmt® ft i/u^^tiL 30 

fe=b©ftJ§^-5 ffitt£6M<z>3ltt;4fe& i^F 

3 > ft/i ^fe-^n -fex £ ©2JWt*«i»v * i: ^ e> 

•5. 

[0 0 0 4] U^bfctffb, &M3ff;4feftj8V*«ate« 

-5*- b©ig$ft 3 0 0~4 0 0 nm£LX%^l Ofl/ 
s q^©Jf&ffiUfr^t-53t#ffijfe&^. JlJgJft 
ft{g<-f5fc«>lC^- h<Z)iS3ftlS<-rti«, >^-hJD 
x©SS©x y ^ > ^icfc v ^X^mmsMi^iz^ < &o £ 

y, 4»- htwtmt.v-hwm&nt.c!>iBt<DXLy*-y4r 40 
[0005] ^fMRStro© «fc y -»©K»Hfc©a. 

V\, 50 



[0 0 0 6] *«fty-h«fl|©tmi:LT«V^S|R 

fc, KigH4^i!S^SttftMo^66t LT, 4*- h©Jt 

®, &tm®ft««T-g? <b*i6 0 

#, N«a©«ua«cffl^6»&»ctt, v-x • ki/ 

-f > £ ©^ ft -5 3 {Cf$^f< # T'fe 

£#**§Scj£«*ft*r*-s s/ y 3 >SMfci8iH:** 

[0 0 0 7] L*»bfc#&, 5/y 3>^fbmft^-rs 
IRfCV-^^fcUTNHs (7^-7) ftffi^Sfc 

«>, ^M*iB«cfi&— teaman, s/y=i>»fbffli;tf* 
*s-ic«PRiai*-r*fcv^iBrH*«»*. ^©si^ft^L 

fc©^017?*S. 34Ui7 8 0X\ 0. 5Torr, 
NH 3 : SiH 2 Cl 2 =10: 1 ©S£*i£T'W2>> 6 & 
2>>f- hM8 6>3tffilCS i Nil 0 &WmLt=.%<DX* 

[0 0 0 8] 

KWflflJi^tSiS] 3©J:5tC, MOSF 
E T©>y- hM<z>ttft£ LT&MftMw -&©*Stc 
ItJ^tt^ffiSltSft ft l*J_b $ S WT-^TO tbt£"J 

nfSMfcfitftjeaa-rsiRK:, £**ffi*«v-:x#;*©— 

0T*feSNH 3 JCfcy^— tca-fba#lTL*V\ *© 

M ^U3>M-fb^W-tcS^*L, 

[0 0 0 9] flt'^ifflgWlt ^*3&»&*!*y- 
hm^©^®ic, ^-35feJ/yn>SiflsBlft««Ufc. ffi 
Sffi©^- h«HftA*"r*^miMBSiRfcJi«-r*cii: 

[ooio] ^w©fifi©eeg«, AjH3^&&*.y- h 
SS©^®fc, *s— **/y n^-fbi^ft^L^ m& 
^i©. ^^B^5^ , ^•fexi:©2SH^©iS^^^- hSSXliMH 

ft ^rie i: -r * ^mftmmnmm* m ft s 

[0011] 

n» ^^®stmsiL^®M^M$tife«iift*-r-5 
©'>* < t *>-*3STOBM^«^b«*T»«fflia *u 3 

©Sfb^Mft/i-LT«iffBSSiBIS©-h®* fcttMB©^ 

* < t y 3 ^^fb^-rs^stir 3 i: ft 

49«t 1 1 z *mfcmw ft 

[0 0 12] Jgfc*|gW«, 4H»»IS«±lc, m 

f$,?zx.m£. ^y3>ft-g-tf#H^*T'i^sfttTe» 

3 i: ic <}: y , J:CKiMJ«*©±iHXI*«iS©^«: < 
ifbX. mMmmm&<D±WX\ZWW<D'J>& <£*>-!; 

izz/ y 3 ymtmzmm-r sis&^its 3 1 ft#^t 



3 

[0 0 13] *|§^{c^^T, MMA&WkM tltll 
Ni, Mo, Ta, Nb, V*F&J8^S 3 fc#ffi#5. 

fiJfcWiSIfcLTtt, TiNI, TiNltSi 
NJIfc©flW#«:J§v*Sifc#nrt6-T*»S. a S3, 3© 
MtJSJBMu «Atflf7G>T»C#Kft2/U3>«E©?SilL* 

JK*©*»K«:»jaw-**^K:tt, fflHu^M©f&fftD( 

*'\©!£ffcS:|5&iti-SStfc£„ ttWRif>K:i«K^M 
tfitflW**:. i©«MWK*K:fi^T, 'J 

[0 0 14] #J3&S/U 3>Jgl±. ^RUtt^t?*©"** 

fcnSRRWfc* F— 7Lfc*Bfi2/y aymnzm~m 
«Lhtc»W* 3 4: *» pfffi-e**. 
[oo l 5] *»W©#jSJcfev^T, Hft^a#H^i:b 
T©£/y=i:/&-£&#H4KR. y?nn<>7> (sih 
2 cij), i/^y (s i h 4 ) vt/^y (s i 2 h 
6 ) #©^9>*<ffc^»fc , r*ri:#ffi#s. 

[0 0 16] 

^^T-^as-t -s whtcj; y, mm&&ma>mmizmt 

[0 0 17] 

imm&n j^t, 0ffi&#ii/t, *&ii!©£tttfif&3i 

W-t-So SI (a) ~ (d) *I6W©^1©|^M 

-f. Hi (a) iz^-t^oiz. paS/y3>36«lK:» 
HMfctCfcoTJSIS 6 0 0 nmU©*?dlBJilKffilR2 
ffS 8 nm&K©iMUK3 Scv*T?. h 

'5>S?**©L*vHB«:-&*>*SB»T. MICKCT 

[0 0 18] r^fC, HI (b) KLaS1\fc 3 ttftfitS 

©y-hSHbKSSrJ^j*^-*. ZL3T% Jf-hmm* 
«ffe»c«fiRbtt-r©tt, -f*>ttA©IRK:»riia*ifcM 
ftK*©*KS:Bart-sfcfc*K:, 4IHMMfc«:f?oT* 
flWHtt©Wv^- hBWbK&^rt-rsfe 

SbX-feS, J»V*T, ttEECVD&fCfcyffS 1 OOnm 
O&tS&i/VziyiaBtrj&tiUs&Vt, 4 0KeV©« 
Sff . 3 X 1 0 15 om" 2 iS0 K-XiT*A s J-f t> 
&AU *BfiS/y3>*6#CnS!*H»«:*A'*- 
S. 



(3) #88^7-9 4 7 3 1 

4 

[0 0 19] &|C, HI (c) {C^-T«fcofC, fi(Stt^ 
Ay^y^^Cfey. ^10nmH©TiNI7 5: 
JBfifcU *©±(CXA-y*y>yjSK:J:ySa 1 O O n 
mffldr>y^-f-> (W) Jf8fcJgJ*t-«. Z13T% Ti 

ns 8 «©jntrg-t?wfc#«fis/ y =i ytfRR u 
t i ni 7 * : f&f&s-z>fz,t> y # y y*rv>mj& 

10 (InmIS) *fc{iT>^E-T5: 

R T A (rapid thermal annealing) 

2>\ JStCte, i©J:^*5Er«ST?S/yn>3i®S:afl:Ufc 
TiN&JBJ*-*-*£fclCJ:oT=&H#©£*SI»ifc© 

[0 0 2 0] #UC 01 (d) fC^idfC, LPCV 
Di£lC£yw»8±ICS iN»l Ofc*ft3t*N5#, 3*V 
fCtt^-T, ^M7 8 0TC, ffi^jO. 5TorrlSffl^ 
#T'SiH 2 CI, SlO^fSil^AU WJf8©3l 

20 mKm^mKmm^ &»«ufe«Ki, ra— ©fi^sewT 

SiH 2 CI, ilNH 3 &#AU ISlOOnmfflS 
iNil0 5ISt5 o Zl©«fee){C-r5 3 4:7?, 02K 

siNiio tem-izmmztiz. 
[0021] 5\nm%* mnn^mzm^x. sin/ 

• W/T i N/#»ft2/U 3>A^45«i#S3fIOf 
*Sfev:**tUTffiV*T«2#M©5Rtttt-f*:/£ 

SSfcaA-rszi^tciy, v-x, KW>&^t 

30 *©«. CVD«SKJ:»JJfiaM§a«Bli:-LTS i0 2 . 

3©Si0 2 KK:3:/**i»?L«:«&aU 
A 1 ffli!ll«:»)jlt6I tC J: »JMO.S F BT*3S«a 

[0 0 2 2] 03 (a) ~ -(d) Wu &ftm<D?£2<Dm 

tt«c«*¥#^*©»»Mfcw-rraH-e&*. 

*"f, 03 (a) tC^i-«fce>tC > pSi/ij3>St2 1 
JiCIH^lBMOSHfclflU 2 Sr^figL, >f- MKfcffl(2 
5S:Jg«Ufe«, *B*2/y3>JI2 6fc««U 3© 
*ISft2/y 3>®2 61C4 OKe V©jD^fl£E, 3X1 
40 0 15 cm- 2 t|0K-XlT'A s ©>T^*>iiA$:=ff W 
W£MA2/'j3>©iKjS&R&.ih-r£JV2 7& 
^»-tfe^(CWM2 8 Sr«j»U J€tc, &mm3 0 Sr^fig 
U ^-h«S5rmM©^{CA^-->^LT, #Ji 

[0 0 2 3] 33T% temms US 1 ©^66 

0tjT*^fe*?5SfC<k y S i N&ftabTfc.fc^U ^EE 
C V DS^>^7XY.C V D«6«©(SiB©«Hlfi**«V^T 
SiO z mzmmisT^Bk^o *fc> .-?-©^©X^$:# 
iRU ^&lffll^-*liraiStt&*t-fi«©MllK^« 
50 «£©R€:JlHT%ij3lV\ 



(4) 



ftffl^ 7-94731 



[0 0 2 4] i3-(b) {C^-r<ko(C, H 2 /N 

2 /H 2 0<D^iS^m%^TfmM^ W 

^'J3>12 6 2 1 ©a® «r»fb U it 
<-f£3i:JCj: y>F- b38<DMftmrp$:Mm-t -SfcftT* 

#ac -y- h-mm*-?*? t. ltm^t, 2 ok 

eV©ftti£ttEE« lX10 14 cm- 2 iS©K-XiT-, 
As0>-f*->iiAfe*fj&!V*, KW>tf7*©ttJMfeif>& 

LDD(lightly doped drain) 10 

[0 0 2 5] fcn-p, ^- hM©{)WgM&fMK&}&J& 

•^SfeifcfC, 03 (c) lC^i-J:e)tC, LPCVDffilC 
■J:Uff«l OOnmflfflS iNl3 4SJ«t4#, 
3©«-£*k «l©««"Ci*^fcJ:-5IC, *-r?as7 . 
8 Or, ffi^O. 5TorrlS©MT', S i H 2 C 
1 2 & 1 0 d»ll&g2£*A U WI2 8 ©ffiSlCgftttJff 

3 3«rJJfcfcLfctHC, H— ©£j£Sn*T*Cfi^T, Si 
H 2 Cl 2 tNH 3 *iAL> ISlOOnmCDSiN 
A3 4 Z<D£olZ-fZ>~£-C WI2 8® 20 
X91£?3g--fC£Mb3*lS S i NJg3 4 «: 

[oo2 6] mz, 03 (d) tcj*-r<fce>{c. sfss-r 

(RIE) CifJSiNJry^-v^ 
t6*CJ:«jy-Hll (3 5) §[^tt' 
»*©!«&: J: »J, ^-httaw-MfSv 

^ilUTJg^T, 4 0 K e V©Jni£«£E, 3X1 0 15 



-*3 6 afttfKW >3 6 b fcJRaW*. 3© 

■e-©«fc3fc»^, WJf2 8©^ffi©Sfl:il3 3 &J¥< 

[0 0 2 7] C VDgjlCj: »J S i O z Jf&jifll 

U 3©S i 0 2 JftC3>*? N?Lfe«l«Lfe|ft, Al 

[0028] 04 a:» *&m(?>m 3 ©im8icgi£¥* 40 
ftM&5*-rNfiSBr?&&. 3©nifiM-et*, wi2 8 
©wicBg^-f, ±ictaft*i3 3&jiijiu miz 

[0 0 2 9] JB*±©IS!6«K:;B^Ttt. N*** 

;i/-MOS h5>y^*©fBS*i6»c-3^TSW!Lfe 

^«»©#«ffiS:3Eit*ii:'ffP^-v*A/-MOS 
^^^^^^^©^T'gSgT'^^. MR 
^#igi;UT, y-K«Sa«.©«8i»cWLT*«l|l!«: 



[0 0 3 0] |?{C, J£t_hfflia6«Ttt, tlt'bTWS: 

s<fb©ie©jai& s.ts. ^*mmizmz-&z 

tX'Mo, Ta, Nb, V^©fifi©jglfL*ifeM : &Mv>T 

T i NJ£WMC, Z r N, HfN, WN X 9©©ffiHj&£ 
mmm, TIC, TaC«©ffi|ftj£^ftft4fe«&AI 

[0 0 3 1] JSfCSfc, y-hflKS*, ±flBUfc#«e 
-> U 3 5/©aw#JBa*K:, 4 1 - hl&IHR-hlc&JSKfi 
Jf%CfffiHjA^AA&. £©JWcSWUfcll3ifc-rS3. 

-£©fl&, **Bi8©jBB££ffiL&v\«s 

[0 0 3 2] 

t>> m^M©&ffiC3l{bfeJI&JgJ&U &^T% 3 

©Sft**±»c2/U3->afb«?:«aib"rv»*. 
fflN&&JR©$Bi izW.m */ u 3 ymcm SMts 

*/ U 3 >Sfl«©^*S-«!«FR«*«<|»il: 
[EIB©f8#&t8W] 

[b i ] *ftma>m i ©3O60!{cfts¥*tt3£tt©s6& 

[02] #»«®#S!tC.J: »J W*B5JCS i N#J&— JCfiS 
[03] *^W©m2©Syg«|fC^5^#^g©§gJt 

[04] M«©4l3©l6fii«|(Cftd¥9#iS««:^ ' 

Wt®0= 

[05] WilfflSiNTOgS^ta 

[«F9©BM!3 
l-2/U3>a6« 
2 

3 -ftftR 

4 - L#V^fe-&t>-es'fe«)©^lt«Ji 

7- Sl6|»itK (TiN) 

8- W (^>^f» 

9 -m^m 

1 o-s/u 3>fi{bR 

2 l-i/>)a>lfi 
2 2 

2 7 -fijS|»ih]« 
2 8 - W 



• 



3 o -mm 

3 i ~m<m 

3 2-LDD^Jgc 



(5) 



4#HI¥ 7-94 7 3 1 



8 



3 3 -mitmrn 

3 4 •• i/V 3>a-ffc| 

3 



Mil 



(a) 



(b) 




(c) 



6 





(d) fj^^ 





36* 



36b 



IO 
9 
8 
7 
6 
2 




(c) 



Id) 



[02] 



-IO 
9 



[03] 



<k^27 25 




22 



21 




[S53 




(6) 



#Hf ¥ 7-9 4 7 3 1 



mtUB] ¥j£6i£l 2^160 

i^mmm. i ] 
miE*mmm£] mmm 

miE^m mm 

ik&£JgS©J:®XfcMro®©'J>fc < Z. %»— 3&#fflBu&£ 
MjifMMFT?«Ka*U 3©3HMMf&tf-LTtffflB«li 
IBI8©±® £ fcttflnfj©*J>fc < 4: %»— U 3 >SHt 

< s/ y 3>»t***wr*-fi:cg& J Mir*-fi 

[*iE«**l*] 0 0 11 

[JflEpg^] 
[0011] 

[«iE*f^sis^] mmm 

MiEjWWSB*] 00 12 



[0 0 12] 35C#W!l!Mu ¥^#«#Lt{c, iffittjft& 

mmzm-z> nmmm zmfc-t an ^ , t/i>3>$:# 

M©±®XttOT©'>&< t*>— *iC3if 

snifc* z<Dm<twm*imsT. m rnmmwm <p±m 

[¥*HitiE4] 

[*iIEtt«i#!gfc&] WifflS 
[*tjE*«uBBs&] 0 0 13 

[0013] *8mK.ia^x* mmwmti^xit. mm 

£LA\, mWL^mmULXit. Ni, Mo, Ta, N 
tt, TIN®, TiNItSiNffcO«i#5:iV\S 

rtz&ts&i/ u 3>*©iBfHwt2/u ^muBLfc-t&m 
jftfty, »ft2/y3>K*©«MWKS:jgia^s 

«^fcti* i«ift^ff©sn»K^©S:«[«:l»ih'r«A 

M2E*f**St«] 

S«] 0 0 1 6 

[WiE^ai mss. 

[0 0 16] 

mm: ^awctntf. mm^±mm & y 3 > & 
t»M«*T?3»«3a"r* 3inc<t y, mttj&&R©&i& 
tc3lfli*»*«5iau 8c^t?, ^©«ft:4fc*±tcs/y3 

caafcs/ y 3>SMt4&fc»jaw*i*K:£-rs, 5/ y =i :/ 

as/ y nymimz. mm*±mm<D&mmt ltm 



